The aim of this study was to determine if a low response to gonadotrophin stimulation could be considered as an indication for intracytoplasmic sperm injection (ICSI). This prospective study included a total of 96 non-male infertile couples with six or fewer retrieved oocytes, who underwent 104 in-vitro fertilization (IVF) cycles between January 1996 and April 1997. They were randomly divided into two groups for fertilization, one by IVF and the other by ICSI. Groups were compared in terms of fertilization rates, fertilization failure, embryo quality, embryos transferred and reproductive outcome. ICSI provided similar fertilization rates per inseminated oocyte (77.7 versus 70.2%) and per obtained oocyte (56.5 versus 58.8%) as IVF. Furthermore, equal numbers (2.2 versus 2.5) and quality of embryos were obtained and comparable pregnancy (21.1 versus 17.3%) and implantation (14.0 versus 11.1%) rates. Neither the number of retrieved oocytes, nor patient age was relevant for the fertilization rates obtained with both techniques. The number of cases with complete fertilization failure was similar in both procedures. We conclude that the technique of fertilization is not related to the reproductive outcome of low responders, and the routine use of ICSI is not indicated.
Introduction
Nowadays, ovarian stimulation is a common practice in patients undergoing assisted reproductive techniques. However, some women respond poorly, being defined as 'low responders'. They represent 9% of patients undergoing in-vitro fertilization (IVF) (Pellicer et al., 1987) .
Some authors have demonstrated an association between the number of retrieved oocytes and lower fertilization rates and IVF outcome (Jenkins et al., 1991; Dor et al., 1992) . Others reported that fertilization failure was present in~16% of the IVF cycles and these were significantly more frequent when fewer than three eggs were retrieved (Barlow et al., 1990) . Therefore, if we analyse the situation of these 'low 2126 © European Society for Human Reproduction and Embryology responders', it could be estimated that, besides requiring more days and higher doses of gonadotrophins for their stimulation, the chances of fertilization failure are relatively increased.
Based on the above information and the premise that oocyte quality diminishes 24 h after retrieval (Bongso et al., 1992; Tsirigotis et al., 1995) , we consider these oocytes 'extremely valuable' and we asked ourselves if it was worthwhile to inseminate these patients using conventional IVF or directly by intracytoplasmic sperm injection (ICSI), which could result in higher fertilization rates (Van Steirteghem et al., 1993) .
The following study was established in order to analyse prospectively whether routine use of ICSI in low responder couples could be helpful.
Materials and methods

Patients
The definition of low responders in this manuscript was six or fewer retrieved oocytes as a result of more aggressive treatments which have increased the number of collected oocytes in our institution (Simón et al. 1995) .
This was a prospective study in which 96 low responder couples without male factor underwent 104 IVF cycles between January 1996 and April 1997. They were randomly divided into two groups according to the procedure used for fertilization; one group was submitted to conventional IVF and the other to ICSI. The mean age of the females was 36.7 Ϯ 0.6 and 35.3 Ϯ 0.6 years respectively. A total of 34.6 and 38.5% of the patients in each group had at least one previous cancelled cycle due to low response. All male partners presented no anti-sperm antibodies and normal sperm samples according to the criteria of the World Health Organisation (1993). The study was approved by the Ethical Committee of our Institution and written consent was obtained from all participants.
Stimulation protocol
The ovarian stimulation protocol using gonadotrophin-releasing hormone agonists (GnRHa) and gonadotrophins has been described previously (Simón et al., 1995) . Briefly, a long protocol was used for pituitary desensitization with administration of leuprolide acetate (LA), 1 mg/day subcutaneously (Procrin ® ; Abbot S.A., Madrid, Spain), starting in the luteal phase of the previous cycle. After ovarian quiescence, human gonadotrophins and lower doses of LA (0.5 mg/ day) were administered. On days 1 and 2 of ovarian stimulation, one ampoule per day of human menopausal gonadotrophin (HMG Pergonal ® ; Serono Laboratories, Madrid. Spain) was administered, together with three ampoules per day of follicle stimulating hormone (FSH; Neo-Fertinom ® ; Serono Laboratories). On days 3, 4 and 5, one ampoule/day of each gonadotrophin preparation was administered to each patient. On day 6, gonadotrophins were administered on an individual basis according to serum oestradiol concentrations and transvaginal ovarian ultrasound scans. In patients with previous cancelled cycles, higher doses of gonadotrophins were employed for stimulation. Commencing on days 1, 2, and 3, five ampoules/day of FSH were administered, together with three ampoules/day of HMG. On days 4 and 5, three ampoules/day of FSH were administered, together with two ampoules/day of HMG. On day 6, FSH and HMG were administered according to the response. The criteria for HCG administration (10 000 IU, Profasi; Serono) were the presence of two or more follicles ജ2.0 cm in diameter and serum oestradiol concentrations Ͼ800 pg/ml. LA and HMG were discontinued the day of HCG administration. Oocyte retrieval was scheduled 36 h after HCG administration. The luteal phase was supported with intravaginal micronized progesterone (400 mg/day; Progeffik ® ; Effik Laboratories, Madrid, Spain) for 15 days when a urinary β HCG analysis was performed.
IVF procedure
The standard IVF procedure has been described previously (Pellicer et al., 1989) . Oocyte-cumulus complexes were evaluated under the dissecting microscope and incubated at 37°C under 5% CO 2 in air. Four hours later, oocytes were inseminated.
ICSI procedure
The cumulus-corona cells were initially removed by exposure to Flushing medium (Medi-Cult Laboratories, Denmark.) and 80 IU of hyaluronidase (Hyaluronidase type IV-S; Sigma, St Louis, MO, USA) for up to 1 min. After removing the corona cells, only metaphase II oocytes were injected. ICSI procedures were carried out under inverted microscope (Diaphot; Nikon Corporation, Tokyo, Japan) at ϫ400 magnification using the Hoffman Modulation Contrast System (Modulation Optics Inc., Greenvale, NY, USA) equipped with two coarse positioning manipulators and with two three-dimensional hydraulic remote-control micromanipulators (Narishige, Tokyo, Japan). The microinjection was performed as previously described by Gil-Salom et al. (1995) and our experience has been extensively reported (Gil-Salom et al., 1995 , 1996a Minguez et al. 1997) . After the microinjection procedure, the oocytes were incubated in 20 µl microdrops of IVF medium (Medi-Cult Laboratories).
Fertilization was assessed 17-20 h after insemination and embryo cleavage 24 h thereafter. Embryo quality was established on five different criteria according to Conaghan et al. (1993) .
Statistical evaluation
Data were expressed as mean Ϯ SEM. For statistical comparison among groups, Mann-Whitney U and χ 2 tests were employed. A value of P Ͻ 0.05 was considered to be statistically significant. The statistical analysis was carried out using the Statistical Package for Social Sciences.
Results
Both groups were comparable in terms of age, gonadotrophins administered, retrieved oocytes and number of motile spermatozoa. Data show that ICSI provided similar fertilization rates per inseminated oocyte (77.7 versus 70.2%) and per obtained oocyte (56.5 versus 58.8%) than IVF. In addition, these fertilization procedures provided equal numbers and quality of embryos available for replacement, obtaining comparable pregnancy (21.1 versus 17.3%) and implantation (14.0 versus 11.1%) rates. It is interesting to note that the number of cases with complete fertilization failure was the same (six) for both insemination techniques (Table I) .
We further analysed these procedures in 'extreme cases' with three or fewer collected oocytes in order to determine the relevance of the number of oocytes available on fertilization rates (Table II) . We did not find differences between groups with regard to age, fertilization rates and embryos transferred. Cases with complete fertilization failure were more frequent in IVF than in ICSI (5 versus 2) but the difference was not statistically significant. We also observed that both techniques provided similar fertilization rates when six or fewer, or three or fewer, oocytes were retrieved. Table III was created to evaluate the influence of age on fertilization techniques. Similar fertilization rates, fertilization failure and number of embryos were obtained with both procedures for different age groups.
Discussion
This study demonstrates that ICSI provides similar fertilization, pregnancy and implantation rates as conventional IVF in low responder couples without male-factor. Also, the number and quality of embryos obtained by both procedures did not differ, as ascertained by the number of blastomeres in culture after 48 h and the degree of fragmentation (Table I) . Besides, we found that neither the number of retrieved oocytes, nor patient age was relevant for the fertilization outcome obtained (Tables II, III) . Several indications for ICSI as severe male infertility (Silber, 1995; Gil-Salom et al., 1995 , 1996a , previous fertilization failure with conventional IVF (Lipitz et al., 1993) , immunological infertility (Nagy et al., 1995) and to avoidance of complete fertilization failure in patients with unexplained infertility (Ruiz et al., 1997) have been reported. Nevertheless, in this study, we clearly demonstrate that the low response to gonadotrophin stimulation is not one of them. This conclusion is in agreement with those obtained by Aboulghar et al. (1996) , who reported similar results when ICSI was compared with IVF in the treatment of couples with tubal infertility and normal seminal parameters.
Some recent reports have shown that ICSI (one egg, one spermatozoon) can be used successfully on non-male-factor couples to provide comparable or higher fertilization rates (Palermo et al., 1996) and superior quality of embryos (Yang et al., 1996) than those obtained after standard IVF. Our results, however, were not consistent with these reports because similar fertilization rates and embryo quality were obtained with both procedures.
It is also worth mentioning that the lower pregnancy rate observed in both groups may be attributed to the number of embryos available for replacement. Embryos of each group showed similar implantation rates, and this rate was within the range reported by other centres for women undergoing this assisted reproductive treatment (SART-ASRM, 1996) . This work, besides, provides clinical evidence that ICSI should not be considered as a possible strategy in order to improve the number of embryos available in low responder patients. Findings were in agreement with those published by Hull et al. (1996) , who found that the number of embryos available reflected the number of collected oocytes. Our data also demonstrate that this relationship was not modified by the technique used for fertilization.
Of special interest was the fact that in low responders, the number of cases with complete fertilization failure was not related to the patient's age, number of retrieved oocytes or fertilization procedure used. Thereafter, we cannot predict which couples are going to suffer this condition. Gabrielsen et al. (1996) reported reduced fertilization and cleavage rates with ICSI in patients with previous fertilization failure despite normal sperm parameters in an IVF cycle. Nevertheless, we believe that micromanipulation techniques (ICSI) should be the method of choice in a second attempt when previous fertilization failure with IVF has occurred in order to determine if the fertilization failure was due to lack of penetration of the zona pellucida or a defect of the oocyte.
Finally, we conclude that the technique of artificial fertilization is not related to the reproductive outcome of low responders. Therefore, the routine use of ICSI is not indicated.
